Alkyl chains of naturally occurring fatty acids usually adopt the strain-free extended conformation in solution or gas phase.
1 However, the conformations of alkyl chains are highly environment-dependent. Sometimes they adopt unusual, seemingly high-energy conformations.
2,3 For example, alkyl chains confined in synthetic hosts adopt helical conformations. Another example is U-shaped conformations.
2
Fatty acid binding proteins (FABPs) offer special environments for fatty acids such as palmitic acid and oleic acid to adopt a "U-shaped" conformation.
3 The back-folding phenomenon of aliphatic chains found in Nature was scarcely observed in synthetic systems until recently. An alkyl chain bound to the cavity of γ-cyclodextrin (γ-CD) was suggested to adopt a U-shaped conformation based on fluorescence life-time measurements, which has never been confirmed, however. 4 Recently, we reported an unequivocal example of the back-folding of aliphatic chains bound to a synthetic host. 5 The alkyl chains of alkyltrimethylammonium ions bound to a hydrophobic cavity of cucurbit [8] uril (CB [8] ), a member of host family cucurbit[n]uril (CB[n], n = 5-10), 6, 7 adopt a U-shaped conformation, which has been unequivocally characterized by various methods.
5 However, the same alkyl chains of alkyltrimethylammonium ions were found to have an extended conformation when bound to CB [6] or CB [7] .
5 Extending this work, we investigated the host-guest complex formation of CB[n] with other types of amphiphilic molecules containing a long alkyl chain. 8 Herein, we report different binding modes of an amphiphilic molecule comprising a vinylbipyridinium unit as a polar head and a hexadecyl chain as a hydrophobic tail to CB[n] (n = 6, 7, and 8) in aqueous solution, and discuss the different conformations adopted by the alkyl chain.
Experimental Section
General Methods. All the chemicals were used as received. CB[n] (n = 6, 7, and 8) were synthesized according to the literature method.
7a C 1 VPyC 16 2+ was synthesized using the literature method 8 with some modification. All the NMR spectra were recorded on a Bruker DRX500 NMR spectrometer operating at the proton .
Results and Discussion
We investigated the binding phenomena of an amphiphilic molecule containing a long alkyl chain, (E)-1-hexadecyl-4- (Figure 1b) . In addition, ESI mass spectrometry confirms the stability of the host-guest complex 1 in solution.
The NMR spectrum of complex 2, formed between C 1 VPyC 16 2+ ion and CB [7] , shows that the proton peaks corresponding to the vinylbipyridinium unit are broadened and upfield-shifted (0.3-1.0 ppm) in D 2 O solution compared to those of free C 1 VPyC 16 2+ (Figure 1c) whereas those of the hydrophobic tail show no significant changes, indicating that CB [7] encircles the vinylbipyridinium unit while the hydrophobic tail remains outside the CB [7] cavity, adopting an extended conformation. The NMR pattern suggests that CB [7] slowly moves back and forth along the vinylbipyridinium unit on the NMR time scale. ESI mass spectrometry also confirms the formation of complex 2 in D 2 O solution.
CB [8] , the largest member of the CB[n] used in this study, shows unique host-guest chemistry derived from its large cavity. 7a,9 The NMR spectra of 3 show that the proton peaks of the hydrophobic tail become complicated and are distinctly separated (Figure 1d ). The proton peaks corresponding to C d -C g of the hydrophilic head are upfield-shifted by 0.4-0.8 ppm and others (C a -C c ) are slightly downfieldshifted, while those corresponding to C 4 -C 12 of the hydrophobic hexadecyl tail are upfield-shifted by 0.6-1.1 ppm (Table 1) , which indicates that the vinylbipyridinium part close to the hexadecyl chain and C 4 -C 12 of the hexadecyl chain are buried inside the cavity of CB [8] as illustrated in in the (a) absence of CB [n] , and in the presence of 1 equivalent of (b) CB [6] , (c) CB [7] and (d) CB [8] , and (e) enlarged spectrum of (d) in D2O at 298 K. (Figure 1e ). Double-quantum filtered correlation spectroscopy (DQF-COSY) was used to assign each peak unequivocally and to establish the connectivity of each peak for the hexadecyl chain of C 1 VPyC 16 2+ inside CB [8] (Figure 2 ). All the proton peaks of the hexadecyl unit were assigned as shown in Figures 1e and 2 . Based on the NMR observation we propose the structure of 3 as shown in Scheme 1, in which the vinylbipyridinium unit and a part of the hydrophobic tail of C 1 VPyC 16 2+ are located inside the hydrophobic cavity of CB [8] by backfolding of the alkyl chain, similar to the complexes between CB [8] and alkyltrimethylammonium ions.
5 The much shorter spin-lattice relaxation times (T 1 ) of the protons of the vinylbipyridinium part and aliphatic chains in 3 compared to those of free C 1 VPyC 16 2+ , which are consistent with the structure, reflect a highly restricted motion of C 1 VPyC 16 2+ inside CB [8] (Table 1 ). In summary, the surfactant, C 1 VPyC 16 2+ , forms 1:1 complexes with CB[6], CB [7] and CB [8] in different binding modes depending on the cavity sizes. When it forms a complex with CB[6], only one side of the vinylbipyridinium unit close to the terminal methyl group is included inside the host cavity, while the aliphatic chain is stretched out of the cavity. Similarly, CB [7] forms a complex with the surfactant by encircling the vinylbipyridinium unit, but the larger cavity allow the host to move back and forth along the vinylbipyridinium unit. However, the complexation of the surfactant with CB [8] results in backfolding of the aliphatic chain inside the cavity CB [8] . Along with our previous work, the present study demonstrates an unusual U-shaped conformation of alkyl chains bound to a synthetic host, which is closely related to that of fatty acids bound to FABPs. Thus, this finding not only contributes to the understanding of the unusual conformation of alkyl chains found in Nature, but also gives an insight into the construction of elaborate supramolecular assemblies and molecular machines based on CB[n]-aliphatic chain interactions. 
